zygous 480/440, in three cases the proband is homo-M Fitzgerald 2 zygous for the 480-bp allele and in the remaining three cases the offspring is heterozygous 440/480. None of 1 Departments of Psychiatry and Genetics;
Of note, in the six trios where both father and mother are hetero-fication, and the same clinical and laboratory methods hyperactivity; dopamine; dopamine transporter making our study a true replication. In addition, there
Attention deficit hyperactivity disorder (ADHD) is a com-
is strong a priori evidence supporting DAT1 as a candi- There is considerable evidence implicating other Forty probands and 68 parents were genotyped. dopamine system genes in ADHD. Comings et al 9 Information on transmission of alleles was obtained reported an association between alleles of the dopafrom 26 trios and 14 parent/proband pairs. Four of the mine D2 gene and a variety of behaviours including proband/parent pairs were doubly heterozygous and ADHD, as part of their study on Tourette's Syndrome. thus uninformative. Two alleles were detected in the The same group have reported an association at the parental sample; a 480-bp allele with a frequency of dopamine ␤-hydroxylase (DBH) gene and the presence 0.71 and a 440-bp allele with a frequency of 0.29. For of ADHD in Tourette's Syndrome patients and their comparison, the frequency of these two alleles in the relatives. 10 Recently, LaHoste et al 11 have reported an parental sample reported by Cook et al 7 was 0.76 and association between ADHD and the dopamine D4 0.22 respectively. These authors also detected 200-bp (DRD4) receptor 48-bp third cytoplasmic loop repeat and 520-bp alleles which did not appear in our sample.
polymorphism. The D4 receptor is thought to play a The number of times the 440-bp and 480-bp alleles role in cognitive and emotional function, and the polywere transmitted or not transmitted to the ADHD promorphism has functional significance. 12 The associbands are shown in Table 1 . HRR analysis revealed a ation with the 7-repeat allele was detected using a case control design, prone to bias due to population stratisignificant association between ADHD and the 480-bp fication, and therefore requires replication. However, Laboratory the 7-repeat receptor when expressed in vitro, mediates a blunted cellular response to dopamine. Thus the DNA extraction and purification DNA was extracted finding of an association with this form of the DRD4 from buccal cells using a cytology brush as follows: for receptor is consistent with the hypodopaminergic each sample, two brushes were cut into an eppindorf hypothesis of ADHD. If the association with DRD4 is tube, 500 l of 50 mM NaoH was added, vortexed for confirmed it will be possible to consider how DAT1 60 s and incubated at 95°C for 10 min in a heat block. and DRD4 interact in contributing to disease susceptiTubes were then vortexed for 30 s and 200 l of Biorad bility. matrix (Instagene) was added to each sample followed Finally, there are implications for ADHD in the by a second incubation at 56°C for 30 min. Samples recent reports of an association between the DRD4 and were then vortexed for 10 s, incubated at 100°C for a 'novelty seeking' personality trait.
13,14 The novelty 8 min and given a final vortex for 10 s. The brushes seeking scale used in the studies is part of the Triwere then removed, and the samples spun at 12 000 dimensional Personality Questionnaire (TPQ). 15 Indirpm for 3 min and the supernatant transferred to a fresh eppindorf tube. Due to poor quality amplification with viduals who score high on the novelty seeking scale the DAT1 primers the solution containing the DNA was are contrite, impulsive, exploratory, excitable, quick further purified by treatment with proteinase K (final tempered and extravagant. These characteristics are concentration 0.4 mg ml −1 ) and 1% SDS for at least 4 h not unlike the characteristic symptoms of ADHD and, at 37°C. Phenol chloroform extraction was performed taken together with the LaHoste study, point to other and the DNA precipitated with ethanol at −20°C. The dopamine genes as a potential source of further precipitate was washed in 70% ethanol, air dried, and mutations contributing to ADHD. It also points to redissolved in TE buffer. potential genotypic, and therefore biological similarities between ADHD and the novelty seeking trait. Indeed, adults who suffered from ADHD as children DNA amplification PCR amplification of the region are at risk of antisocial and drug abuse disorders. 16 The flanking the DAT1 40-bp VNTR was achieved using the rewarding effects of amphetamines and cocaine are following pair of primers; Sense (5Ј TGT GGT GTA mediated by dopamine release 17 and the DAT1 recep-GGG AAC GGC CTG AG 3Ј), antisense (5Ј CTT CCT GGA GGT CAC GGC TCA AGG 3Ј). 22 PCR reaction was tor is occupied, and its action inhibited, by cocaine, carried out in 25 l volume containing 50-100 ng genagain increasing dopamine release. 18 An understanding omic DNA, 0.5 m of each primer, 200 m of each of the genetics of ADHD, 'novelty seeking', antisocial dNTP, 10 mM Tris-pH 9, 50 mM KCl, 2 mM MgCl, personality disorder and drug abuse is likely to 0.01% Triton X-100 and 0.001% gelatin. Forty cycles improve treatment by identifying those who are likely of amplification were performed at 95°C for 30 s, 68°C to respond to current treatments or through the develfor 30 s and 72°C for 90 s. A first denaturing step at opment of novel therapeutic agents.
95°C for 4 min and last extension step at 72°C for 10 min were also added. Ten microlitres of the product were then loaded on 6% polyacrylamide gel, and electrophoresed at 140 V for 4 h. Methods
Clinical
Silver staining Gels were silver stained using 100 ml A series of children, suffering from ADHD according to of the following reagents: a fixing solution of 10% ethatheir clinicians were recruited from child psychiatric nol and 0.5% acetic acid for 3 min (twice); 0.1% solclinics in West County Dublin and from the Hyperution of silver nitrate for 15 min; distilled water for active Children's Support Group of Ireland. The clini-30 s (twice); 1.5% sodium hydroxide and 0.1% formalcal assessment included: (1) the Child Behaviour dehyde developing solution for 20 min and then 0.75% aqueous solution of sodium biocarbonate to fix the gel. Checklist, 19 a check list designed to obtain reports of Genotypes were scored independently by two investichildren's behavioural problems and social comgators. petencies from their parents; (2) the Connors Parent Rating Scale 20 which has been found particularly useful in the identification of hyperkinetic children; (3) Statistical the Comprehensive Teachers Rating Scale, 21 which is Genotypes were assigned for each child and for all completed by teachers and rates the four principle facavailable parents. By reference to the proband's genotors of ADHD behaviour; and (4) the Hyperactive and type, each parental allele was scored as to whether it Attention Evaluation of the University of Chicago 7 was transmitted or not transmitted. Given the null which is an instrument, administered to parents, focushypothesis of linkage equilibrium, the probability that ing on semi-structured DSM-IIIR diagnostic criteria for a parental allele will be transmitted to the proband is ADHD. A consensus diagnosis, based on all available 0.50. In a sample of probands and parents, if the freclinical data and the rating scales as above was reached quency of transmission of an allele deviates from 50% between the child psychiatrist (MF) and the psychoon the basis of a 2 test, evidence for an association exists. This is known as the haplotype relative risk. 23 logist (GD).
